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(54) Curable compositions of f luoroelastomers containing bromine 

(57) Peroxide-curable fluoroelastomeric compositions, consisting of a fluoroelastomer containing bromine, an 
organic peroxide and a metal-organic hydride having the formula: 



(R) y 
I 

(R^.^M),- M - (H) 



(I) 



wherein M is selected from Sn, Si, Ge. Pb; x is an integer from 1 to 3; y, z are zero or integers from 1 to 3, with the pro- 
viso y + z = 4- x;wisan integer from 1 to 3; the R groups, equal to or different from each other, are selected from: 
alkyls C 1 -C 4 , aryls C 6 -C 12 , arylalkyls and alkylaryls C 7 -C 14 , optionally containing nitrile and/or hydroxyl groups. The 
hydride addition allows to increase the curing rate, obtaining at the same time a high crosslinWng degree. 
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Description 

The present invention relates to fluoroelastomers curable compositions. More particularly the present invention 
relates to curable compositions of fluoroelastomers containing bromine. 

5 Various types of fluoroelastomers are known in the art. which are widely used in all those fields where optimal elas- 
tic properties associated with high chemical and thermal stability are required. For a broad treatment of such products 
see for instance "Ullmann's Encyclopedia of Industrial Chemistry", vol. A-1 1 , pag. 417-429 (1988. VCH Verlagsgesells- 
chaft). They are copolymers based on vinylidene fluoride (VDF) and/or on tetrafluoroethylene (TFE). wherein such 
monomers are copolymerized with other fluorinated ethylenicaily unsaturated monomers, such as hexafluoropropene 

70 (HFP), pert luoroaikylvinytethers (PAVE), chlorotrifluoroethylene (CTFE) and the like, or also with non fluorinated mon- 
omers having ethylene unsaturation. such as ethylene and propylene. 

The fluoroelastomers can be ionically cured by addition of suitable curing agents (for instance polyhydroxylic com- 
pounds, such as Bisphenol AF or Bisphenol A), of accelerators (for instance ammonium, phosphonium. or amino-phos- 
phonium salts), and of bivalent metals oxides and/or hydroxides (for instance MgO, Ca(OH) 2 ). 

is Peroxide-curable fluoroelastomers have been developed more recently, which contain iodine and/or bromine atoms 
along the polymeric chain and/or in terminal position. Such iodine and/or bromine atoms can be introduced by suitable 
iodinated and/or brominated comonomers. or by using during the polymer preparation iodinated and/or brominated 
chain transfer agents (see for instance US patents 4,243,770, 4,501,869 and 4,745,165). In the presence of free rad- 
icals, coming for instance from a peroxide, the iodine and/or bromine atoms act as cure-sites owing to the homolytic 

20 scission of the carbon-halogen bonds. 

Since the homolytic scission of C-l bonds is much faster than that of C-Br bonds, the fluoroelastomers containing 
iodine show much higher curing rates than those of the brominated products. On the other hand the greatest transience 
of the C-l bonds involves problems in the use and in the conservation of the iodinated f luoroealastomers, mainly due to 
their poor stability to light Moreover, it is known that toxic volatile by products, in particular CH 3 I, are generated during 

25 curing, whose cancerogenous potential is notoriously much higher than that of CH 3 Br. 

The Applicant has now surprisingly found that the curing rate of the fluoroelastomers containing bromine can be 
considerably increased by adding to the curing blend a metallorganic compound hydride as hereinafter defined, obtain- 
ing at the same time a high crosslinking degree. ; 
Object of the present invention is therefore a curable f luoroelastomeric composition, comprising: 

(a) a f luoroelastomer containing bromine; 

(b) an organic peroxide, in amounts comprised between 0.1 and 10%, preferably between 1 and 5% by weight with 
respect to the f luoroelastomer; 

(c) a metallorganic hydride having the formula: 

35 

(R) y 
I 

40 (R^.Jtf),- M - (H) x (I) 



wherein M is selected from Sn. Si, Ge, Pb; x is an integer from 1 to 3; y. z are zero or integers from 1 to 3, with the 
45 proviso y + z = 4- x;wisan integer from 1 to 3; the R groups, equal to or different from each other, are selected 
from: alkyls C r C 4 , aryls C 6 -C 12 . arylalkyls and alkylaryls C 7 -C 14 . optionally containing nitrile and/or hydroxyl 
groups; in amounts comprised between 0.2 and 10%, preferably between 0.5 to 2% by weight with respect to the 
fluoroelastomer. 

so A further object of the present inention consists in a process for the curing of a composition based on a fluoroelas- 
tomer containing bromine, which comprises the addition to the composition of an organic peroxide and of an hydride of 
formula (I) as defined above, in amounts corresponding to the values indicated above, and subsequently the heating of 
the composition at such a temperature as to cause the decomposition of the peroxide. 

The hydrides of formula (I) are known compounds (see for instance J. Am. Chem Soc., 116 (1994), page 4521- 

55 4522). Particularly preferred are those wherein x = 1 and w = 3. for instance: tri(n-butyl)-tin-hydride, tri(ethyl)silyl- 
hydride, di(trimethylsilyO-silylmethyl-hydride. tri(trimethy!silyl)-silylhydride. and the like, or mixtures thereof. 

The fluoroelastomers containing bromine are as well known products. They contain bromine in amounts generally 
comprised between 0.001 and 5% preferably between 0.01 and 2.5%. by weight with respect to the total weight of the 
polymer. The bromine atoms can be present along the chain and/or in terminal position. 
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In order to introduce bromine atoms along the chain, the copolymerization of the basic monomers of the fluor e- 
lastomer is carried out with a suitable bromine-containing f luorinated comonomer (cure-site monomer) (see for instance 
US patents 4,745,1 65, 4,831 ,085, and 4,214,060). Such comonomer can be selected for instance from: 

(a) bromo(per)fluoroalkyl-perfluorovinylethers having the formula: 

Br-R f -0-CF=CF 2 (| t j 

wherein R, is a (per)fluoroalkylene C r C 12 . optionally containing chlorine and/or ether oxygen atoms* for instance 
BrCF 2 -0-CF=CF 2 , BrCF 2 CF 2 -0-CF=CF 2 . BrCF 2 CF 2 CF 2 -0-CF=CF 2 , CF 3 CFBrCF 2 -0-CF=CF 2 , and the like; 

(b) bromo-(per)fluorooIefins having the formula: 

Br-R>CF=CF 2 (mj 

wherein R' ( is a (per)fluoroalkylene C r C 12 , optionally containing chlorine atoms; for instance: bromotrifluoroethyf- 
ene, 1-bromo-2,2<lifluoroethylene, bromo-3.3,4,4-tetrafluorobutene-1, 4-bromo-perfluorobutene-1. and the like. 

The units of brominated comonomer in the final polymer are present in amounts generally comprised between 0 01 
and 3% by moles, preferably between 0.1 and 1% by moles. 

In replacement of or in addition to the brominated comonomer, the fluoroelastomer can contain bromine atoms in 
terminal position, deriving from a suitable brominated chain transfer agent introduced in the reation medium during the 
polymer preparation, as described in US patent 4,501 ,869. 

Such transfer agents have the formula R f Br x , wherein R f is a x-valent (per)fluoroalkylic radical C r C 12 optionally 
containing chlorine atoms, while x is 1 or 2. They can be selected for instance from: CF 2 Br 2 , BrfCF^Br, Br(CF 2 ) 4 Br, 
CF 2 CIBr, CF 3 CFBrCF 2 Br, and the like. The amount of bromine in terminal position is generally comprised between 
0.001 and 3%, preferably between 0.01 and 1%, by weight with respect to the fluoroelastomer weight. 

The basic monomeric structure of the fluoroelastomers containing bromine generally comprises from 20 to 85% by 
moles of VDF and/or TFE, copolymerized with at least another f luorinated ethylenically unsaturated monomer selected 
for instance from: perfluoroolefins (VC* such as hexafluoropropene (HFP), perfluorobutene; fluoroolefins (4-C 8 con- 
taining hydrogen and/or chlorine, such as trifluoroethylene. pentafluoropropene. chlorotrifluoroethyfene (CTFEV 
(per)fluoroalkyrvinylethers (PAVE) CF 2 =CFOR f . wherein R, is a (per)fluoroalkyl C r C 6 , for instance trifluoromethyl pen- 
tafluoropropyl; perfluoro-oxyalkyMnylethers CF 2 =CFOX, wherein X is a perfluoro-oxyalkyl C r C 12 having one or'more 
ether groups, for instance, perfluoro-2-propoxy-propyl. Units deriving from non fluorinated ethylenically unsaturated 
monomers, in particular non fluorinated olefins Cg-Ce, such as ethylene and propylene, can be also present. 
The curable compositions object of the present invention comprise an organic peroxide. The organic peroxide must be 
capable of generating free radicals owing to heating or in presence of redox systems. It can be for instance selected 
from: 2.5<fimethyl-2.5-di(terbutylperoxy)hexane. 2,5-dimethyl-2.5<Ji(terbutylperoxy)hexino-3, dicumyiperoxide diben- 
zoylperoxide. diterbutylperbenzoate, diterbutylperoxide, di[1,3-dimethyl-3-(terbutylperoxy)butyl]-carbonate. and the like 
Other usable organic peroxides are described in US patent 5,153,272. 

Also polyunsaturated compounds acting as curing co-agents are usually added to the peroxide-curable composi- 
tions in amounts generally comprised between 0.1 and 10%, preferably between 0.5 and 5%, by weight with respect to 
the fluoroelastomer. They can be selected for instance from: triallyl-cyanurate (TAC), triallyl-isocyanurate (TAIC) triallyl- 
trimellitate. tris(diallylamino)-s-triazine, triallyl-phosphite. N,N-diallyl-acrylamide. hexaallyl-phosphoramide. N.N'-m- 
phenylene-bismaleimide, diallyl-phthalate, tri(5-norbornene-2-methylene)-cyanurate. and the like. 

Oxides and/or hydroxides of divalent metals, for instance, Ca, Mg, Pb, or Zn, optionally in association with a salt of 
a weak acid are usually added to the Wend, before curing, in amounts generally comprised between 1 and 15% by 
weight, preferably between 2 and 10% by weight, with respect to the fluoroelastomer. 

The compositions object of the present invention can moreover contain other conventional additives such as pig- 
ments, stabilizers, antioxidants, thickeners, reinforcing agents, plastifiers, processing aids, etc. Additives of inorganic 
types are for instance: carbon black, silica, titanium oxide, talc, barium sulphate, and the like. Fibers of polymers con- 
taining fluorine, such as polytetrafluoroethylene. polyvinylidene fluoride, polychlorotrrfluoroethylene. tetrafluoroethyl- 
ene/ethylene copolymers, and the like can be used as reinforcing agents. 

The various components of the compositions object of the present invention can be mixed each other and homog- 
enized according to conventional techniques, such as roll mixing, kneader mixing. Banbury mixing, and the like. The 
subsequent processing and moulding steps can be carried out. as well, according to known techniques, such as calen- 
dering, extrusion, compression or injection molding, etc. 

The compositions object of the present invention can be cured by simple heating at such a temperature as to cause 
the decomposition of the organic peroxide, for instance from 1 00° to 250°C for a time of about 1 -1 20 min Subsequently 
the cured articles can be optionally submitted to post-curing processes, so as to eliminate water and other volatile by- 
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